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Introduction
Although joint R&D activities among firms are encouraged everywhere today, the same old suspicion still lingers: does cooperation in R&D facilitate product market collusion? Given that so many firms participate in research joint ventures (RJVs), it is important to get a clearer view on this issue. On a more general level, empirical studies testing the theoretical predictions of collusion are relatively rare because of problems of selection bias and a lack of adequate data (Levinstein and Suslow, 2006) . This paper constructs and applies an indirect test of collusion through RJVs.
We build upon the conjecture that RJVs may facilitate product market collusion. 1 A necessary condition for RJVs to be used as collusive devices seems their stability. Cabral (2000 , for example, states that "Firms may delay innovation [and stay in the RJV] with the sole purpose of maintaining a sufficiently credible punishment for cheating on the price agreement". Indeed, RJVs make collusion in the product market easier, but only when participants are effectively able to use the RJV as a coordination or punishment device. When a firm is observed to leave the RJV, it is likely that the intended collusion was not sustainable or that the RJV was started for reasons unrelated to collusion. Similarly, the stability of collusive agreements is negatively affected by a firm's entry (Vasconcelos, 2004) . Therefore, when a firm enters an RJV after its initial formation, it is less likely that this RJV (still) serves collusion.
Suspicion of collusion is especially relevant for large-scale cooperations between firms operating in the same industry. In a general context, Stigler (1950) realized that firms outside the collusive agreement have incentives to freeride, which makes relatively smaller agreements 1 RJVs may induce collusion through creating common assets -and therefore common interests -among participating firms and provide therefore a credible punishment mechanism (Cabral, 2000; Martin, 1995) . This idea is reminiscent of Bernheim and Whinston's (1990) theory of multi-market contact: firms that interact in more than one market are able to sustain collusion more easily. RJVs may further induce collusion when being used as a vehicle for the transmission of information to signal cooperative behavior (Cooper and Ross, 2007) . 2 Martin (1995, p. 734 ) makes a similar argument: "The threat to break up an R&D joint venture can form part of a fallback strategy that will sustain tacit collusion on product markets." Catilina and Feinberg (2006) model RJV participation and collusion decisions as a coalition formation game. They find that when both decisions are taken simultaneously, the stability of the RJV and product market collusion are one-to-one related.
unstable. Therefore, it is hypothesized that more RJV participants increase the stability of the RJV.
Noticeably, large RJVs in high concentration industries are of concern. Both higher rewards of colluding and easier detection of defection make these industries more interesting for collusion (Ordover and Baumol, 1988; Levinstein and Suslow, 2006) . This leads us to test if the stability of the RJV, and hence, as supposed, the incidence of collusion, is significantly affected by industry concentration when the RJV is relatively large.
To be fair, large research collaborations may serve their purpose, i.e. induce more research and learning. These learning dynamics lead firms to exit (Reuer and Zollo, 2005) and new firms to enter in the expectation to learn in this RJV. Therefore, we set as a necessary condition for a large RJV to be research-active (as opposed to facilitating collusion) its non-stability. Non-profit entities, such as universities and governmental research bodies, do not compete with firms in the product market. It seems therefore clear that their presence has a positive impact on (expectations of) learning (Sinha and Cusumano, 1991) , but a negligible impact on collusive effects. We thus propose a second test to see whether large RJVs with non-profit members are less prone to be stable, and thus more likely to be research-active.
The collaborations we investigate are set up under the US National Cooperative Research Act (NCRA). By granting certain antitrust exemptions, the NCRA stimulates firms operating in the same industry to cooperate in R&D on a large scale. The aim of the NCRA is to provide a solution to perceived competitive threats to U.S. high-tech industries, and has been a great success (see e.g. Vonortas, 1997) . But, given their large scale and that members are competitors, there may be particular suspicion of firms using the NCRA-RJVs as vehicles for product market collusion, which makes them of particular interest for our study.
We build a simple econometric framework to determine which factors explain an RJV's stability. Controlling for the heterogeneity due to size differences through size dummies, we 3 investigate in a probit regression whether large RJVs' stability is affected in a different way by their product market's HHI and the presence of non-profit members. We control for other characteristics -including industry and year of formation dummies -that we expect to influence the probability of stability.
The results indicate that RJVs are more stable in highly concentrated industries, but only when the RJVs are relatively large; the suspicion of collusion may therefore be justified. We also find some support for a negative impact of non-profit entities on the stability of the larger RJV.
Given our results, it is desirable to go into more detail about which of these NCRA-RJVs can be identified as vehicles for collusion. Goeree and Helland (2007) also provide some recent (indirect) empirical support for the hypothesis that RJVs facilitate collusion. Analyzing NCRA-RJVs in the telecom industries, their paper exploits the variation in RJV formation generated by a more stringent U.S. antitrust stance towards collusion. If product market collusion is not a motivation to form an RJV, they argue, the propensity to enter into an RJV should not be affected by this change.
By finding a lower RJV-participation after the policy, the authors conclude, as our study does through a different test using information on all sectors, that the NCRA-RJVs are suspect of being used for collusion.
The structure of the paper is as follows. The next section discusses data and modeling issues. Section 3 discusses the main findings. Finally, in section 4, we conclude.
Data and Modeling Issues
Our main data set consists of information on the 785 formed NCRA-RJVs over the period [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] . Among the RJVs formed under the NCRA, slightly more than two-thirds (548) did not experience the entry or exit of any firm in any year of existence after their initial formation. We therefore define the main variable of interest to be a dummy (STABLE) that takes on the value of 4 one if the RJV did not experience any in-and-out movement during its lifespan, and zero otherwise. By doing this, we implicitly consider the entire RJV's life as a single observational point. This is not crucial for the issue we want to study. Indeed, time does not play an important role in the analysis, as we are interested in questioning why no changes occurred during the sample period.
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We then matched the RJV data with the Compustat North America database containing information on about 22,000 public U.S. firms (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) . Each NCRA-RJV is linked to an industry by using the assigned RJV's SIC2 code and the year as matching keys. For each industry (defined at the SIC2 level) and for each year, we calculate a measure of concentration (HHI), as well as medians and standard deviations for several other indicators, such as number of employees and R&D intensity. Given that we collapse the RJV's life into one observation, we average the according industry characteristics over the number of periods for which the RJV is observed.
While almost steadily with the number of for-profit members, a sizeable proportion of medium-sized and large RJVs is stable. Hence, to assess the drivers of stability, we need to control for the heterogeneity due to size differences. For this purpose, in our statistical analysis we partition the RJVs into three size classes: small (up to three initial for-profit members), medium (4 to 9 initial for-profit members), and large (more than 10 initial for-profit members).
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We now propose a simple econometric framework to determine which factors explain an RJV's stability. We first control for the heterogeneity due to size differences through dummies for size classes (s j ). Second, we account for the fact that an RJV's size might affect in a different way how product market's and RJV's characteristics influence its stability. Indeed, we argue that research cooperations might be used as a coordination device to collude in the product market, and that this problem may be more relevant when the RJV is large and embedded in a more concentrated industry. Second, we contend that learning might create dynamics in RJVs, where this is more likely to happen in large RJVs with more non-profit organizations participating. Table 4 reports the results of the Probit estimation of equation (1). As expected, the probability of being stable decreases with the size groups: Medium and large RJVs have respectively 48% and 79% lower probability of being stable than small RJVs.
Results
Large RJVs may be used as a vehicle for collusion in the product market, and stability of these large collaborations is a necessary condition for this to be true. Consistent with this idea, we estimate a strongly positive and statistically significant effect of the industry's concentration on the probability of being stable, and this only for large RJVs; a 10% increase in the HHI induces a 27% higher probability of a large RJV being stable. Interestingly, this effect is not significant for medium and small RJVs, which provides further evidence for our claim that especially large RJVs may be potentially used as a vehicle for collusion. Second, the presence of non-profit entities significantly decreases the probability of being stable, yet again only for large RJVs; a 10% increase in the log of the number of non-profit insiders decreases the probability of being stable by almost one percent. This suggests that large RJVs with non-profit organizations are effectively used for the main purpose of the NCRA. Firms cooperate in R&D and learn, which leads firms to exit and new firms to enter in the expectation to also learn.
Other industry characteristics also matter for stability, yet their effects do not depend on the 7 size. 6 First, industry size asymmetries appear to increase stability. Second, the probability of being stable significantly decreases by 63% in the high-tech software industries, suggesting a more active learning in these potentially high-spillover industries. Finally, our model is performing well in predicting RJVs' behavior; it correctly classifies more than 83% of the observations and, most interestingly for this study, over 90% of the stable RJVs.
Conclusions
By using data from the U.S. National Cooperation Research Act, it is shown that large RJVs in concentrated industries are more stable and hence more suspect to collude. Large RJVs in which many non-profit organizations participate, on the other hand, have a lower propensity to be stable and are expected to mainly exist for research purposes. On a more methodological level, ours may be seen as an alternative test for collusive behavior through RVJ participation, which does not suffer from the typical problems of direct tests. 3572, 3577, 3651, 3663, 3669, 3671, 3672, 3678, 3679, 3821, 3823, 3825, 3826, 3829, 3827, 3861, 3812, 3844, 3845 83.52% All size variables are transformed into logs. We control for industry dummies and for the RJV's year of formation. The reported standard errors are computed using the robust/sandwich estimator. Significance at the 1%, 5%, 10% is represented by ***, **, and * respectively
